Aldosterone activates the nuclear pore transporter in cultured kidney cells imaged with atomic force microscopy.
Nuclear pore complexes (NPC), located in the nuclear envelope, functionally connect the cell nucleus with the cytoplasm and serve as a crucial pathway for macromolecule exchange. A Madin-Darby canine kidney (MDCK) clone that resembles principal cells of the collecting duct was shown recently to respond to sustained aldosterone exposure with a significant increase in the NPC number per nucleus. The present study elucidates the molecular nature of the NPC pathway and its regulation by aldosterone applying atomic force microscopy. We imaged individual NPC in situ and searched for a putative so-called transporter in the NPC centre. In aldosterone-depleted cells we found numerous macromolecules docked to individual NPC waiting for translocation into the nucleoplasm (standby mode=inactive pore). In contrast, in aldosterone-treated cells NPC were frequently found free of macromolecules, indicating that the translocation process kept pace with docking under hormone-stimulated conditions (transport mode=active pore). In the NPC centre we detected a ring-like structure with a central invagination. We assume that the ring is the putative transporter and that the invagination is the channel entrance used for translocation of macromolecules. Transporters were found in open and closed configurations. In conclusion, the results provide evidence for the existence of a nuclear transporter as part of the translocation machinery of an individual NPC. Aldosterone increases the activity of the nuclear transporter and thus facilitates steroid-mediated gene expression.